
FUNDAMENTAL SYMMETRIES, NEUTRONS, AND NEUTRINO 

TOWN MEETING

ISOTOPE SCIENCE AND ACCELERATOR 
SCIENCE

erhtjhtyhy

GUY SAVARD
Argonne National Laboratory and 
University of Chicago

12/14/2022

Chapel Hill, North Carolina



SC Organization Chart



DOE Isotope Program Production Sites

PNNL
Sr-90 Y-90 generator for cancer therapy

LANL 
Accelerator (IPF):

Ac-225 Targeted cancer therapy

Ti-44 Sc-44 generator for PET imaging

Cd-109 X-ray fluorescence analyses

As-73 Environmental tracer

Si-32 Oceanographic research

Univ. of Missouri (MURR)
Supplier of research isotopes (e.g., Se-75, Lu-177)

SRNL (NNSA Tritium Facility)
He-3 Neutron detection

Fuel source for fusion reactors

Lung testing

Univ. of Washington Supplier of 

research isotopes (e.g., At-211)

Y-12 (NNSA Facility)
Li-6 Neutron detection

Li-7 Radiation dosimeters

ORNL
HFIR Reactor:

Ac-227 Cancer therapy

Se-75 Industrial NDA

Cf-252 Industrial sources

W-188 Cancer therapy

Radioisotopes Inventory:

Ac-225 Cancer therapy

Ra-223 Cancer therapy

BNL 
Accelerator (BLIP):

Ac-225 Targeted cancer therapy

Ti-44 Sc-44 generator for PET imaging

Y-86 PET imaging

Cu-67 Targeted cancer therapy

Cyclotron (TR-19)

Stable Isotopes Inventory:

E.g., Ca-48, Ga-69, Rb-87, Cl-37

Stable Isotope Production:

ESIPP

SIPF

SIPRC

Univ. of Alabama Birmingham

Supplier of research isotopes (e.g., Mn-52)

Univ. of Wisconsin
Supplier of research isotopes (e.g., Mn-

52)

INL 
ATR Reactor:

Co-60 Stereotactic radiosurgery, industrial 

NDA

Rad EMIS ïnuclear forensics

ANL Accelerator (LEAF)
Cu-67 Targeted cancer therapy

Michigan State Univ.
FRIB isotope harvesting development

Cyclotron (TR-19)

Started with 6 in 2009; now tripled in size

RPF (Radioisotope Proc. Fac.)

Plutonium Facility (PF-4):

Am-241 Oil and gas exploration



ISOTOPE NEED FOR FUNDAMENTAL SYMMETRY 
STUDIES

ÁA huge playground é look for isotopes with specific properties to enhance, 

isolate or ease calculation of effect
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e.g. octupole deformation + Z3

enhancements for CPV searches

Z3

e.g. superallowed Fermi on N=Z line (Vud, CKM unitarity),

light nuclei for ease of nuclear correction calculations 

(BSM current searches)



225Ac, a success story é and a warning
Decay product from 229Th cow (ORNL)

High energy p+Th(BNL / LANL)

226Ra (n, 2n) 225Ra  (LBNL)

Samples of finished actinium-225 ready to be 
shipped from Oak Ridge National Laboratory.  

https:// www.isotopes.gov/information/actinium-225

C. Cutler, Ac-225 User presentation

225Ra

b



225Ra EDM AT ANL/FRIB
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Å 225Ra EDM experiment aims to take 

advantage of large enhancement of effect 

é program requires roughly 10 mCi month

Å 225Ac taking off as a TAT medical isotope 

has removed availability of 225Ra for basic 

research from the Isotope Program

Å Experiment switched to 223Ra but this is not 

without difficulty



Radium EDM: adapting to a new isotope
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Current unavailability of 225Ra (I=1/2) necessitates use of 223Ra (I=3/2)

Å Physics reach of 223Ra-EDM expected to be similar

Å Tensor stark shift due to I=3/2 challenging but manageable

Working toward effective laser cooling, trapping, and detection of 223Ra

ÅUnknown isotope shift for 1428 nm repump in 223Ra

Å Alkaline-Earth atom 1S0 to 3P1 MOT transition populates dark states for I>1/2

ÅReduces MOT Lifetime

Å Effect observed in other alkaline earth atoms such as Sr and Yb

ÅMay need to address additional 3P1 hyperfine states to de-populate dark 

states

This makes a challenging experiment even more challenging é being 

pursued but better situation would be for 225Ra to become available again. 

Switch from 225Ra to 223Ra poses technical challenges



Options for Path Forward for 225Ra é and similar 
isotopes/experiments
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ÅNeed (for this particular example): 10 mCi/month now é more in the future

Å Isotope Program has production that exceeds that and future needs from 
229Th cow é but also higher demand from other program. R&D will hopefully 

improve this situation

Å New option: Isotope harvesting at FRIB

Assuming full power continuous running 

of 238U, calculate (including scrubber use), 

between 0.4-1.5 mCi/wk (using LISE++

or PHITS)

Åé or get a dedicated 229Th cow (also involves Isotope Program)



THE FUTURE IS HERE
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Å Progress in EDM searches is generally slow

improvements with change in slope when new

technology is introduced

Å Ability to manipulate molecules has brought in

such a change and rapid improvements in the 

electron EDM searches

Å That technology is now being transferred to 

hadronic CPV searches using heavy, eventually 

radioactive, molecules, and similar orders of 

magnitude improvements are expected

Å This program has enormous physics reach

potential and will further increase the need for

access to these heavy radioactive isotopes to 

take advantage of all enhancement factors.

From: arXiv:2102.08838v1 [hep-ex] 17 Feb 2021

EDM limits



NEEDS FOR NUCLEAR BETA-DECAY STUDIES

ÁIn general, isotope needed for these programs are too short-lived to be obtained 

through the Isotope Program, must be produced on-line

ÁFor lightest species, energy needed to produce is small and small facilities, 

which have easier access to long beamtime, are adequate

ïe.g. CENPA extracts 1010 6He atoms/s with 14 uA of 18 MeV deuterium beam 

(250 W) on a 7Li target for Fierz interference term measurement with CRES

ÁFor species close to N=Z line, useful for Vud determination, CKM unitarity test 

and searches for BSM currents, lightest isotopes can be produced in many 

smaller facilities (Notre-Dame, Texas A&M, é), heavier ones require ATLAS, 

FRIB or ISAC. 

ÁAlthough none of these facilities are uniquely dedicated to this physics, they all 

have interest in it and can provide the required beams. 
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NEEDS

ÁThe fundamental symmetry field has had a long and successful symbiotic 

relationship with facilities build for nuclear structure/nuclear astrophysics (and 

neutron) physics.

ÁThe diversity and constant upgrades of the existing facilities, and the power of 

the newest one, address the present needs of most of the nuclear based 

component of the FS program.

ÁThe long-lived heavy octupole deformed isotopes are critical for some 

components of this program that have particularly high physics reach. Enhanced 

availability to isotopes from the Isotope Program (which is no longer within DOE 

Nuclear Physics) is essential for these programs to reach their full potential.   
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SUPPLEMENTARY MATERIAL


